Introduction
According to the cancer statistics released by the National Cancer Center in 2018, the annual incidence of primary hepatocellular carcinoma (HCC) in China was 466,000, accounting for about 55% of the global cases of the disease [1] . Surgical resection can be effective for the treatment of HCC, but most patients already have local dissemination or distant metastasis at the time of diagnosis, limiting the efficacy of surgery. Although there are several some other options for the treatment, they have limited benefit. For example, the overall survival (OS) in one study of patients treated with sorafenib for HCC compared with placebo was 10.7 vs 7.9 months [2] . In another phase 3 trial done at 152 sites in 21 countries, the median survival for patients treated with regorafenib following progression on sorafenib was increased by 2.8 months (10.6 vs 7.8) compared with the placebo control group [3] . The median OS of the commonly-used chemotherapy regimen, FOLFOX4, was only 6.4 months [4] . These studies demonstrate that the efficacy of targeted cancer therapies and chemotherapy for advanced HCC is relatively limited. In recent years, the research and application of immunological checkpoint therapy has been increasing exponentially, but more work is necessary to make these approaches more effective. These shed the light on hunting for alternative therapeutic strategies. Based on the biology of tumors, especially from the studies of pathways capable of controlling cell fate programs, induced differentiation strategies have been developed as a novel strategy.
Poor differentiation is an important hallmark of cancer cells. It has been increasingly recognized that liver cancer stem cells (LCSCs) are responsible for the carcinogenesis, recurrence and metastasis in HCC. The induced differentiation of LCSCs represents a new idea for the treatment of HCC. In addition, based on an analysis of whole-gene expression, it has been reported that the activation of embryonic stem cell (ESC)-like transcription is involved in hepatocellular carcinoma and strongly predicts early recurrence and metastasis [5] [6] [7] . These stem cells and stem celllike patterns of gene expression represent new target for HCC therapy. Many studies have suggested that hepatocyte nuclear factor 4α (HNF 4α) is a promising target for inducing hepatic differentiation as a treatment for HCC. We herein review the roles of HNF 4α in regulating hepatic metabolism and the inflammatory response, aiming to provide some ideas on induced hepatic differentiation therapy.
functional domains, activation function 1 and 2 (AF-1 and AF-2), located at the N-and C-terminus respectively. A ligand-binding domain (LBD) is located adjacent to AF-2 and transactivates genes in a ligand-dependent manner. HNF 4α also contains a repressor domain (region F) inhibiting the access of coactivators to AF-2, which has not been characterized in other HNF families. The gene of HNF-4α has two promoters P1 and P2, and each produce different versions of HNF 4α protein (Figure 1 ). Hepatocytes express P1-only isoforms, while intestinal epithelial cells express both P1 and P2 isoforms. In contrast to P1-HNF 4α, P2-HNF 4α is markedly upregulated and serves as an oncogene-associated protein in HCC [8] . A recent study shows that the expression of P1 isoforms rapidly decreases, whereas P2 isoform expression increases in the early stages of colon tumorigenesis [9] . Thus, the different isoforms of HNF 4α play different roles in the carcinogenesis. 
HNF 4α Regulates Hepatic Differentiation
Fetal liver development has implications for hepatic differentiation and maturation, and is associated with a series of reciprocal tissue interactions [10] . HNF 4α-null mice died during embryogenesis, and HNF 4α is required for the formation of an active hepatic parenchyma [10] . Moreover, recent in vitro experiments using tetraploid aggregation suggested that HNF 4α is indispensable for hepatocyte differentiation [11] . The directed differentiation of hepatocytes from pluripotent stem cells (PSCs), including embryonic and induced pluripotent stem cells, has demonstrated that HNF 4α is highly expressed in both differentiated and mature hepatocytes [12, 13] . During the process of induced hepatic differentiation, there is enhanced hepatic function, especially metabolic activity. As a key member of the HNF4 family, HNF 4α was shown to critically regulate a large number of genes involved in most hepatocyte functions, including energy metabolism, xenobiotic detoxification, bile acid synthesis, and serum protein production [14] . We previously reported that the levels of albumin, CYP3A4, TTR, AFP, fibronectin and transthyretin were all regulated by HNF 4α [12] . Liver X receptor α (LXRα/NR1H3) accelerates hepatic differentiation in an HNF 4α-dependent manner, with hepatocyte-like cells exhibiting some functions of mature hepatocytes, including cytochrome P450 enzyme activity, secretion of urea and albumin, and an increase in glycogen storage [15] .
A recent study demonstrated that deletion of hepatic HNF 4α can inhibit hepatic gluconeogenesis, hepatic lipid export, and intestinal lipid absorption, thus increasing the dependence on dietary carbohydrates and endogenous lipids for energy [16] . By ectopically expressing a distinct combination of transcription factors (Foxa2, HNF 4α and C/ebpα), Iacob R et al. induced a mature hepatocyte phenotype in an adult liver-derived progenitor cell population, and found that albumin secretion increased incrementally in single (Foxa2), double (Foxa2, HNF 4α) and triple-transduced cells (Foxa2, HNF 4α, C/ebpα) and reached levels observed in primary hepatocytes. Glycogen storage and ureagenesis were also induced in the triple-transduced cells, but at lower levels compared to primary hepatocytes [17] . Another study showed that HNF 4α can co-recruit HDAC3-PROX1, regulating the expression of a gene program controlling lipid homeostasis [18] . It has been demonstrated that excess iron promotes the formation of reactive oxygen species, resulting in cellular toxicity. Liver-specific HNF 4α-null mice exhibit hypoferremia and a significant change in hepatic gene expression, demonstrating that HNF 4α also plays an important role in iron homeostasis [19] .
The liver is the main organ involved in drug and xenobiotic metabolism, including inactivation or bioactivation. This metabolism consists of three phases: Phase I is carried out by hundreds of cytochrome P450 enzymes (CYPs). Phase II helps to eliminate Phase I products, and is carried out by glutathione S-transferases, sulfur transferase, UDP-glucuronosyltransferase, etc. Phase III transporters include P-glycoprotein, multidrug resistance-associated protein and others. The gene expression of many of these enzymes is regulated by HNF 4α [13] . Jeong H and his colleagues reported that promoter transactivation of the cytochrome P450s (CYP) such as CYP2D6, CYP2C9 and CYP2E1 by HNF 4α is enhanced during pregnancy [20, 21] . Recombinant HepG2 cells modified by the combination of HNF4α and other transcription factors exhibited enhanced ammonia metabolism and CYP enzyme activity compared with control cells [22] . Nishikawa T et al. found that HNF 4α-targeted therapy can reverse deteriorating hepatic functions, such as worsening encephalopathy and increased ammonia levels in rats, demonstrating that HNF 4α has a role in hepatocyte ammonia metabolism [23] . Based on these studies, we can see the important role of HNF 4α in maintenance and enhancement of hepatic function, especially hepatic metabolism. 
HNF 4α Regulates the Inflammatory Environment in HCC
Research has demonstrated that HNF 4α is involved in inflammation processes occurring in the liver and gastrointestinal tract. The liver responds to stimuli by producing a large number of acute-phase reactants (APRs) including TNF-α, TGF-β, IL-1 and IL-6. HNF 4α has been confirmed to play a critical role in inflammation through the regulation of APR gene transcription.
One study showed that HNF 4α suppresses IL6-STAT3 activation and liver inflammation to regulate hepatocarcinogenesis. It was the first study to report that the HNF 4α-STAT3 axis links inflammation and HCC [24] . They also found that the loss of HNF 4α results in IL-6 receptor-STAT3 activation via the inhibition of MicroRNA (miR)-124, while STAT3 upregulates the expression of miR-629 and miR-24 and suppresses the expression of HNF 4α [24] . Ning BF et al. reported that HNF 4α reduction is an independent risk factor for the patient prognosis, where patients with high HNF 4α expression and low expression of RelA (one subunit of NF-κB) had superior overall survival and longer disease-free survival. In addition, using the combination of HNF 4α and RelA exhibited improved prognostic accuracy in HCC patients, providing novel prognostic biomarkers and therapeutic targets from the viewpoint of the inflammatory environment in HCC. They also found that HNF 4α can upregulate miR-7 and miR-124, while NF-κB-mediated upregulation of miR-21 resulted in decreased HNF 4α levels [25] , suggesting a possible HNF 4α-NF-κB feedback circuit in HCC.
The activity of HNF 4α can be regulated by some cytokines at the level of its interactions with cofactors to promote transcriptional activity. It was reported that IL-1β, TNF-α and IL-6 cause a dynamic change in the phosphorylation of HNF4 or in its transcription [26, 27] . In HNF 4α knock-down HepG2 cell lines, Wang Z et al. found that the majority (519/597, 87%) of probe-sets regulated by cytokines were also regulated by HNF 4α. That study showed that HNF 4α plays a significant role in regulating the inflammatory response via hepatic gene expression [28] . From these studies, it can be concluded that HNF 4α has a major role in the inflammatory microenvironment, suggesting a new way to regulate or eradicate inflammation-related cancer.
HNF 4α as a Potential Therapeutic Target for HCC
Many studies have demonstrated that HNF 4α plays an important role in the carcinogenesis of HCC. It has been clearly demonstrated in both rodents and humans that the progression of HCC is associated with downregulation of HNF 4α. Lazarevich NL et al. identified dysregulation of HNF 4α as a marker for epithelial tumor progression [29] . Enane FO et al. reported that transcription factors (including HNF 4α, Hlf, and Nr1h4) were drivers of terminal epithelial differentiation, and they identified hundreds of hepatocyte epithelial-differentiation genes with significantly decreased expression in HCC [30] . Walesky C et al. found that deletion of HNF 4α in adult hepatocytes results in increased hepatocyte proliferation and promotion of diethylnitrosamine (DEN)-induced hepatic tumors secondary to aberrant c-Myc activation [31] . Ning BF et al. reported that overexpression of HNF 4α suppresses DEN-induced HCC in rats, suggesting that HNF 4α may have the ability to inhibit hepatocyte proliferation [32] . Together, these studies imply that HNF 4α is a promising marker and therapeutic target for HCC. More research is needed on the regulation of HNF 4α expression and transcriptional activity in order to fully elucidate its roles in normal and malignant hepatocytes.
As a group of small non-coding RNA molecules, microRNAs play a role in the transcriptional and post-transcriptional regulation of a variety of genes. A large number of miRNAs have been shown to regulate hepatocarcinogenesis by affecting the expression of HNF 4α, thus contributing to liver cell differentiation, growth, survival and apoptosis. Ning BF et al. reported that HNF 4α can upregulate miR-7 and miR-124, and also found that NF-κB upregulated miR-21 in hepatoma cells, which decreased the HNF 4α levels [25] . Zhang Y and colleagues found that miR-34α is essential for HNF 4α expression and regulates triglyceride accumulation in human and murine hepatocytes. miR-34α inhibits very low-density lipoprotein secretion and promotes liver steatosis and hypolipidemia in an HNF 4α-dependent manner [33] .
Several post-translational modifications of HNF 4α have been documented. For example, the function and stability of HNF 4α are regulated by phosphorylation, acetylation and ubiquitination. Modification by the small ubiquitin-related modifier (SUMO), SUMOylation, is a post-translational modification that affects many proteins related to cellular processes such as differentiation, cell cycle progression, gene transcription, and protein localization. Our previous study showed that HNF 4α is regulated by SUMOylation, which seems to result in RNF4-mediated ubiquitination, followed by its degradation [12] . During the hepatocyte differentiation of HepaRG progenitors, the expression of HNF 4α was increased by progressive demethylation, increasing the metabolic activity of hepatocytes, as evidenced by increased albumin, aldolase B, glutathione S-transferase α and Cyp3A4 [34] . Some kinases (PKA, PKC, AMPK) have been shown to phosphorylate and decrease the activity of HNF 4α. Activation of the ERK1/2 signaling pathway inhibits the expression of HNF 4α to regulate HNF 4α-dependent hepatic gene expression [35] .
Moreover, HNF 4α can regulate hepatic differentiation by interacting with other transcription factors. Jing R et al. found that HSP90β directly interacts with HNF 4α protein to regulate its half-life. They demonstrated that HSP90 promotes the conversion of iPSC-derived endoderm to a hepatic fate and regulates HNF 4α turnover [36] . HNF 4α also interacts with some nuclear receptors, such as the retinoid X receptor, peroxisome proliferator-activated receptor (PPAR), farnesoid X receptor, glucocorticoid receptor, vitamin D receptor, and androstane receptor [37] [38] [39] . Kodama S et al. discovered that the pregnane X receptor (PXR) can suppress the expression of HNF 4α, resulting in upregulation of insulin-like growth factor-binding protein (IGFBP), which is of note because the PXR-HNF 4α-IGFBP signaling pathway plays an important role in tumor invasiveness [40] .
Of interest, studies have shown that retinoic acid, ginsenoside Rg3 and 18β-glycyrrhetinic acid can induce hepatic differentiation at least partly via modulation of HNF 4α [41] [42] [43] . These findings suggest that it should be possible to induce differentiation in HCC. However, further studies are needed to fully elucidate the mechanism(s) by which this can occur and to determine ways to utilize these findings therapeutically.
Conclusion
As discussed above, the expression of HNF 4α is suppressed in HCC, and it has been demonstrated that its downregulation plays a critical role in oncogenesis and the progression of HCC. Many researchers have demonstrated that HNF 4α is critical for hepatic differentiation via both driving the formation of hepatocytes and maintaining a mature phenotype. HNF 4α critically regulates hepatic differentiation by controlling a large number of genes involved in hepatic functions including energy metabolism, xenobiotic detoxification, bile acid synthesis, and serum protein production. Besides its role in hepatic differentiation, studies have also identified an important role for HNF 4α in the inflammatory environment in HCC. Enhancing HNF 4α expression or activity presents a possible strategy for the treatment of HCC. Because HNF 4α can be regulated by post-translational modifications, interactions with microRNAs, and so on, there are a number of potential targets for this strategy. However, in contrast to acute promyelocytic leukemia, the development of differentiation therapy for solid tumors is far from satisfactory. The discovery of new drugs with favorable tumor penetration rates, high affinity and specificity for molecular recognition and targeting is needed prior to the use of induced hepatic differentiation therapy for HCC. Novel drug delivery systems, such as liposomes, nanoparticles and niosomes, might be used to improve the intracellular delivery, with better penetration and targeting specificity, helping to overcome some of the issues associated with differentiation therapy. Moreover, further studies are needed to investigate the possible strategies of regulating inflammatory microenvironment by HNF 4α in HCC.
